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Background  of  the  invention 
The  present  invention  relates  to  a  heat-resistant  and  corrosion-resistant  weld  metal  alloy  having 

superior  high  temperature  ductility  and  high  temperature  strength. 
In  addition,  the  invention  is  concerned  with  the  use  thereof  for  producing  an  austenitic  welded 

structure  for  high  temperature  use  and,  still  more  particularly,  an  austenitic  welded  structure  having 
superior  high  temperature  ductility,  high  temperature  strength,  corrosion  resistance  and  fatigue  life,  and 
effective  in  preventing  thermal  stress  cracking,  suitable  for  use  in  hot  spots  in  various  plants  such  as 
chemical  plants,  thermal  power  plants,  nuclear  power  plants,  boilers  and  so  forth. 

Hitherto,  austenitic  stainless  steels  and  heat-resistant  alloy  steels  have  been  used  as  the  material  of 
structures  used  at  a  high  temperature  at  which  creep  is  liable  to  occur.  Particularly,  as  the  base  metal  of  the 
structure  at  a  high  temperature  higher  than  600°C,  an  NCF  steel  (0.08%C-20%Cr-32%Ni-0.3%Ti- 
0.3%AI)  is  often  used  because  of  its  superior  creep  rupture  strength.  (Throughout  the  specification,  the 
compositions  of  materials  are  expressed  in  terms  of  percent  by  weight  (wt%)  unless  otherwise  specified.) 
Generally,  chemical  plants,  thermal  power  plants,  nuclear  power  plants  and  boilers  have  lots  of  welded 
structures.  The  fabrication  of welded  structure  using  the  NCF  steel  as  the  base  metal  is  made  by  means  of  a 
welding  rod  such  as  of  Incoloy  138  (28%Cr-38%Ni-4%Mo-1%W-balance  Fe),  Inconel 182  (15%Cr- 
0.5%Ti-2%Nb-7%Mn-8%Fe-balance  Ni),  Inconel 112  (20%Cr-8%Mn-3.5%Nb+ta-7%Fe-balance 
Ni)  and  Inco  Weld  A  (15%Cr-2%Nb-1.5%Mo-8%Fe-balance  Ni).  The  weld  metal  formed  with  these 
welding  rods,  however,  have  only  a  small  ductility  at  high  temperature  and  exhibits  a  heavy  embrittlement 
due  to  a  change  in  the  structure  during  the  use  at  the  high  temperature.  In  addition,  cracks  are  liable  to  be 
formed  along  the  boundary  in  the  weld  zone  due  to  a  large  difference  in  the  thermal  expansion  coefficients 
attributable  to  the  difference  in  compositions  between  the  weld  metal  and  the  structural  base  metal  of  NCF 
steel.  In  order  to  overcome  this  problem,  it  has  been  attempted  to  fabricate  the  welded  structure  by  using 
such  a  welding  rod  as  would  produce  a  weld  metal  of  which  thermal  expansion  coefficient  becomes 
identical  with  that  of  the  base  metal  of  NCF  steel,  i.e.  of  which  composition  becomes  identical  with  that  of 
the  base  metal  of  NCF  steel.  In  the  welded  structure  fabricated  with  such  a  welding  rod,  however,  the 
fluidity  of  the  molten  metal  is  deteriorated  by  formation  of  oxides  of  Ti  and  AI  contained  in  the  base  metal 
during  the  welding  to  undesirably  increase  the  occurrence  of  weld  defects.  It  is  of  course  possible  to 
eliminate  the  Ti  and  AI  contents  in  the  base  metal  but  the  elimination  of  Ti  and  AI  undesirably  lowers  the 
strength  at  high  temperature. 

On  the  other  hand,  FR-A-21  91  977  discloses  a  corrosion-resistant  and  heat-resistant  weld  metal, 
particularly  suited  for  welding  austenitic  stainless  steel,  consisting  of  ≤0.15%  C,  15-30%  Cr,  8-40%  Ni, 
≤2.5%  Mn, ≤1.5%  Si,  <3%  Mo, <4%  Cu,  ≤0.045%  P,  ≤0.03%  S,  ≤0.3%  Nb,  0.4-3%  Ta,  balance  Fe  plus 
impurities,  but  is  silent  as  to  creep  rupture  strength  and  creep  rupture  elongation  at  temperatures  as  high 
as  800°C  and  how  to  achieve  optimum  properties  within  said  composition  ranges. 

Summary  of  the  invention 
It  is  an  object  of  the  invention  to  provide  a  heat-resistant  and  corrosion-resistant  weld  metal  alloy 

having  superior  high  temperature  ductility  and  high  temperature  strength. 
Another  object  of  the  invention  is  to  provide  an  austenitic  welded  structure  having  superior  creep 

rupture  ductility  and  strength  at  high  temperature  and  capable  of  avoiding  generation  of  high  thermal 
stress  at  high  temperature  by  using  said  weld  metal  alloy  in  combination  with  austenitic  structural  alloys  of 
particular  compositions. 

In  view  of  the  facts  that  the  NCF  steel  is  a  structure  alloy steel  strengthened  with  AI  and  Ti, and  that  the 
weld  defects  due  to  the  existence  of  AI  and  Ti  are  liable  to  be  formed  when  such  a  welding  rod  is  used  as 
would  produce  a  weld  metal  having  a  thermal  expansion  coefficient  identical  with  that  of  the  base  metal  of 
this  structural  alloy  steel,  the  present  inventors  have  reached  a  conclusion  that  the  above  mentioned 
objects  are  achieved  by  eliminating  AI  and  Ti  in  order  to  make  the  thermal  expansion  coefficient  of  weld 
metal  identical  with  that  of  structural  alloy  steel,  by  adding  Mo  in  place  of  AI  in  order  to  strengthen  the  weld 
metal,  and  by  adding  a  predetermined  amount  of  Nb  in  place  of  Ti  in  order  to  achieve  the  desired  ductility 
at  high  temperature. 

According  to  one  aspect  of  the  invention,  there  is  provided  a  heat-resistant  and  corrosion-resistant 
weld  metal  alloy  consisting  essentially  of  less  than  0.08%  of  C,  0.1  to  1.0%  of  Si,  2  to  3%  of  Mn,  32  to  42%  of 
Ni, 21  to  25%  of  Cr,  0.8  to  1.7%  of  Mo,  0.1  to  1.0%  of  Nb,  up  to  0.5%  ofTi,  up  to  2%  of  Co,  up  to  2%  of  Cu,  up 
to  1%  of W,  up  to  0.2%  of  N,  up  to  1.0%  of V,  up  to  1.0%  of Zr,  up  to  1.0%  of Ta  and  the  balance  being  Fe 
plus  impurities,  wherein  the  following  conditions  are  met: 

and  the  weld  metal  exhibits  a  800°C,  1000  h  creep  rupture  strength  of  more  than  4  kg/mm2  and  a  800°C, 
1000  h  creep  rupture  elongation  of  more  than  6%. 



Preferred  compositions  of  said  weld  metal  alloy  are  indicated  in  claims  2  and  3. 
According  to  another  aspect  of  the  invention  said  object  is  solved  by  the  use  of  a  heat-resistant  and 

corrosion-resistant  weld  metal  alloy  consisting  of,  by  weight,  0.02  to  0.06%  of  C,  0.1  to  1.0%  of  Si,  2  to  3% 
of  Mn,  33  to  42%  of  Ni,  21  to  25%  of  Cr,  1.0  to  1.6%  of Mo, 0.1  to  1.0%  of  Nb,  0.1  to  0.5%  of Ti,  0.05  to  1.0% 
of  W,  0.05  to  1.0%  of  V  and  the  balance  being  Fe  plus  impurities  which  exhibits  a  800°C,  1000  h  creep 
rupture  strength  of  more  than  4  kg/mm2  and  a  800°C,  1000  h  creep  rupture  elongation  of  more  than  6%,  for 
welding  an  austenitic  structural  alloy  containing,  by  weight,  0.02  to  0.06%  of  C,  0.1  to  3.5%  of  Si,  less  than 
2%  of  Mn,  20  to  38%  of  Ni,  20.5  to  27%  of  Cr,  1.0  to  1.6%  of  Mo,  0.1  to  1.0%  of  Nb,  0.05  to  1.0%  of  V  and  0.1 
to  1.0%  of  Zr,  the  balance  being  Fe  plus  impurities. 

Further  preferred  uses  of  particular  weld  metal  alloys  of  the  invention  for  welding  austenitic  structural 
alloys  of  particular  compositions  are  indicated  in  claims  5  to  12. 
Brief  description  of  the  drawings 

Fig.  1  is  a  graph  showing  a  relationship  between  the  C  content  and  the  intergranular  corrosion  depth; 
Fig.  2  is  a  graph  showing  a  relationship  between  the  creep  rupture  strength  and  Nb/C; 
Fig.  3  is  a  graph  showing  the  relationship  between  the  creep  rupture  reduction  of  area  and  Nb/C; 
Fig.  4  is  a  graph  showing  how  the  Nb  and  C  contents  are  related  to  Nb/C; 
Fig.  5a  is  a  graph  showing  a  relationship  between  Ni  equivalent  and  creep  rupture  strength; 
Fig.  5b  is  a  graph  showing  a  relationship  between  the  Cr  equivalent  and  corrosion  weight  loss  in  coal 

combustion  gas; 
Fig.  5c  is  a  graph  showing  a  schaeffler's  diagram; 
Fig.  6  is  a  bar  graph  showing  the  Fisco  cracking  ratio*  in  the  samples  of  Examples  2  of  the  invention; 
Fig.  7  is  a  graph  showing  the  relationship  between  the  creep  rupture  time  and  strength  at  800°C  of  the 

weld  metal  in  Example  2; 
Fig.  8  is  a  bar  graph  showing  the  800°C,  1000  hr  creep  rupture  reduction  of  area  of  weld  metal  in 

Example  2; 
Fig.  9  is  a  bar  graph  showing  800°C,  1000  hr  creep  rupture  strength  of  weld  metal  in  Example  3; 
Fig.  10  is  a  bar  graph  showing  800°C,  700  to  1200  hr  creep  rupture  reduction  of  area  of  weld  metal  in 

Example  3; 
Fig.  11  is  a  graph  showing  the  relationship  between  the  C  content  and  the  800°C,  500  to  1500  hr  creep 

rupture  reduction  of  area  of  weld  metal  in  Example  3; 
Fig.  12  is  a  perspective  view  illustrating  the  groove  shape  of  base  metal  in  Example  4; 
Fig.  13  is  a  schematic  sectional  view  showing  an  example  of  the  groove  shape  of  base  metal  for 

fabricating  a  welded  structure  of  a  reaction  pipe  in  a  chemical  plant; 
Fig.  14  is  a  graph  showing  the  relationship  between  the  Cr  equivalent and  the  Ni  Equivalent  in  Example 

5; 
Fig.  15  is  a  graph  showing  the  relationship  between  the  formed  scale  thickness  and  the  heating 

temperature  in  Example  5;  and 
Figs.  16  and  17  are  graphs  showing  respectively  the  relationship  between  the  corrosion  weight  loss  in 

high  temperature  corrosion,  the  Cr  content  and  Si  content  in  Example  5. 
In  the  weld  metal  alloy  and  welded  structure  of  the  invention,  composition  ranges  are  limited  for  the 

following  reasons. 
Referring  first  to  C  which  is  added  for  increasing  the  high  temperature  strength,  the  strength  is 

increased  as  the  C  content  is  increased  but  the  workability  is  deteriorated  if  the  C  content  is  increased 
excessively.  According  to  the  invention,  therefore,  the  C  content  is  limited  to  be  less  than  0.08%,  in  order to 
improve  the  high  temperature  ductility  without  being  accompanied  by  a  reduction  in  the  high  temperature 
strength. 

From  the  result  of  a  corrosion  test  as  shown  in  Fig.  1,  it  is  considered  that  the  preferred  range  of  C 
content  is  between  0.02  and  0.06%.  The  corrosion  test  was  conducted  with  test  pieces  of  21Cr-32Ni-Fe 
alloy  having  various  C  contents,  by  dippling  them  for  72  hours  in  a  solution  consisting  of  CUS04'  5H20, 
H4SO4  and  distilled  water  and  maintained  at  100°C,  bending  the  test  pieces  at  a  radius  of  curvature  of  100R 
(R  represents  the  diameter  of  test  piece)  and  then  measuring  the  intergranular  corrosion  depth  to  obtain 
the  result  as  shown  in  Fig.  1. 

The  Si  is  added  for  effecting  deoxidation  during  melting  of  the  raw  material  and  welding.  The  Si 
content  is  selected  to  range  between  0.1 %  and  1.5%  because  an  Si  content  less  than  0.1 %  cannot  provide 
satisfactory  deoxidation  effect  while  an  Si  content  in  excess  of  1.5%  becomes  liable  to  occur  high 
temperature  cracking  in  weld  metal.  An  especially  preferable  range  in  Si  content  is  between  0.1  and  1.0%. 
In  the  structural  alloy,  an  Si  content  in  excess  of  3.8%  extremely  deteriorates  productivity  and  workability 
thereby  making  it  very  difficult  to  produce  the  pipes  and,  in  addition,  precipitates  the  ferrite  phase.  Thus, 
the  Si  content  in  the  structural  alloy  should  be  between  0.1  and  3.5%. 

The  Mn  is  an  element  which  is  added  aiming  at  deoxidation  and  desulfurization  during  melting  of  raw 
material  and  welding.  A  too  low  Mn  content  cannot  provide  sufficient  deoxidation  and  desulfurization 
effect  while  the  effect  is  saturated  when  the  Mn  content  is  increased  beyond  3.0%.  Therefore,  according  to 
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the  invention,  the  Mn  content  is  selected  to  range  between  2.0  and  3.0%.  A  preferable  Mn  content  in  the 
structural  steel  is  between  0.5  and  2.0%. 

The  Ni  forms,  in  combination  with  the  Cr,  an  austenitic  structure  and,  hence,  is  essential  for  improving 
the  oxidation  resistance  and  high  temperature  strength.  The  weld  metal  of  the  invention  contains  Mo  and 
Nb  or,  alternatively,  Mo,  Nb  and  Ti.  Since  the  weld  metal  containing  these  elements  are  used  for  long 
period  of  time  at  high  temperature,  it  becomes  brittle  due  to  precipitation  of  a  phase  if the  Ni  content  is  too 
low.  To  the  contrary,  if  the  Ni  content  is  too  high,  the  columnar  grain  in  the  weld  metal  is  coarsened 
undesirably  to  increase  the  tendency  of  high  temperature  cracking  and  to  deteriorate  the  high  temperature 
ductility.  Therefore,  according  to  the  invention,  the  Ni  content  is  selected  to  range  between  20  and  42%. 
More  specifically,  the  preferred  Ni  content  in  the  structural  base  metal  ranges  between  20  and  38%,  while 
the  preferred  Ni  content  in  the  weld  metal  ranges  between  32  and  42%. 

The  Cr  is  added  to  improve  the  oxidation  resistance.  A  low  Cr  content  has  a  risk  of  causing  precipitation 
of  σ  phase  and  a  too  low  Cr  content  cannot  ensure  sufficient  oxidation  resistance.  The  Cr  content  in  the 
weld  metal,  therefore,  is  selected  to  range  between  21  and  25%. 

The  Mo  effectively  strengthens  the  austenite  matrix  and  a  part  of  Mo  is  precipitated  as  a  carbide  to 
increase  the  high  temperature  strength.  The  Mo  is  effective  also  in  strengthening  the  grain  boundary.  An 
Mo  content  less  than  0.8%  cannot  provide  sufficient  strength  and  ductility,  while  an  Mo  content  in  excess  of 
1.7%  impractically  deteriorates  the  workability  and  oxidation  resistance  and,  in  addition,  promotes  the 
precipitation  of a  phase.  Therefore,  the  Mo  content  is  selected  to  range  between  0.8  and  1.7%,  preferably 
between  1.0  and  1.6%. 

The  Nb  has  a  strong  affinity  to  C  and  increases  the  high  temperature  strength  through  precipitation  of 
carbides.  The  Nb  serves  also  to  reduce  the  oxygen  content  in  the  weld  metal  and  suppresses  the  grain 
boundary  precipitation  of  M23C6  type  carbides  so  that  restrains  the  embrittlement  of  grain  boundary  during 
long  use  thereby  improving  the  strength  and  ductility.  In  order  to  obtain  sufficient  strength  and  ductility, 
the  Nb  content  should  range  between  0.1  and  1.0%.  The  Nb  may  be  partially  substituted  by  Ta.  In  such  a 
case,  the  sum  of  the  Nb  content  and  Ta  content  should  range  between  0.1  and  1.0%.  Further,  the  ratio  Nb/C 
has  a  substantial  significance  because  Nb  has  a  strong  affinity  to  C  as  stated  before.  Figs.  2  and  3  show  how 
the  creep  rupture  strength  and  the  creep  rupture  reduction  of  area  at  800°C,  1000  hours  are  affected  by  the 
ratio  Nb/C.  From  these  Figures,  it  will  be  seen  that the  ratio  Nb/C  preferably  should  be  around  8  for  attaining 
the  highest  strength  and  ductility  and  that  the  acceptable  range  of  the  ratio  Nb/C  is  between  4  and  15.  Fig.  4 
is  a  graph  showing  the  mutual  relationship  between  Nb  content,  C  content  and  the  ratio  Nb/C.  In  Fig.  4,  the 
region  (I)  shows  a  region  suitable  for  attaining  a  rupture  strength  in  excess  of  4  Kg/mm2  and  a  reduction  of 
area  in  excess  of  10%  in  the  1000  hours  creep  test  at  800°C.  The  hatched  region  (II)  shows  an  optimum 
region. 

By  adding  up to  0.5%  of Ti  and/or Zr,  a  portion  thereof  acts  as  a  deoxidizer to  lower the  oxygen  content 
in  the  weld  metal  thereby  increasing  the  high  temperature  ductility,  and  the  remainder  thereof  is 
precipitated  as  an  MC  type  carbide  in  the  weld  metal  to  suppress  the  grain  boundary  precipitation  of  M23C6 
type  carbide  thereby  increasing  the  strength  and  ductility.  A  too  high  Ti  content  deteriorates  the  weldability 
to  increase  the  tendency  of  formation  of  weld  defects  such  as  weld  cracks,  inclusions  and  so  forth.  To  the 
contrary,  a  too  low  content  of  Ti  and/or  Zr  cannot  make  the  above-mentioned  advantages  appreciable. 
Therefore,  when  either  one  of Ti  and  Zr  is  contained  solely,  its  content  is  preferably  between  0.1  and  0.5%, 
whereas,  when  both  of  Ti  and  Zr  are  contained  simultaneously,  it  is  preferred  that  the  Ti  and  Zr  contents 
meet  the  condition  of  Ti+Zr:-51%. 

The  Co  is  an  austenite  former  and  improves  the  oxidation  resistance.  A  too  high  Co  content,  however, 
increases  the  tendency  of  weld  cracking  and  reduces  the  workability.  The  Co  content,  therefore,  is  limited  to 
be  up  to  2%.  Further,  it  is  also  preferred  that,  in  relation  to  Ni  content,  the  Co  content  be  selected  to  satisfy 
the  requirement  of  Ni+CoZ42%. 

When  the  Ni  content  is  high,  the  Cu  dissolves  into  the  matrix  to  stabilize  the  austenite  and  improves  the 
corrosion  resistance,  and  further  improves  the  fluidity  of  the  molten  metal  during  welding.  However,  when 
the  Cu  content  is  too  high,  the  above-mentioned  effects  are  not  increased  further  and,  on  the  contrary,  the 
workability  is  deteriorated.  Therefore,  the  Cu  content  should  be  selected  to  be  up  to  2%. 

The  W and  V  are  ferrite  formers  and  are  effective  in  suppressing  the  intergranular  corrosion  and  in 
improving  the  strength.  However,  the  ductility  will  be  reduced  if  the  W and  V  contents  are  too  high.  The  W 
and/or  V  content,  therefore,  is  selected  to  be  up  to  1%. 

The  N  refines  the  grain  during  the  welding  and  serves  to  stabilize  the  austenite  and  can  be  contained  by 
an  amount  up  to  0.2%. 

The  Ta  brings  about  the  same  effect  as  the  Nb  and  it  is  desirable  that  the  Ta  is  contained  in  such  an 
amount  that  it  falls  in  a  suitable  range  of  Nb/c  ratio  as  a  total  of  (Nb+Ta). 

Fig.  5a  shows  the  relationship  between  800°C,  1000  hr  creep  rupture  strength  and  Ni-equivalent,  while 
Fig.  5b  shows  the  relationship  between  the  Cr-equivalent  and  the  corrosion  weight  loss  of  test  piece  after 
being  subjected  for  300  hours  in  a  coal  combustion  gas  of  538  to  816°C.  Fig.  5c  shows  a  Schaeffler's 
diagram.  The  Ni  equivalent  and  Cr  equivalent  are  values  expressed  by  the  following  formulae  (1)  and  (2). 



In  order  to  withstand  a  long  use  at  a  high  temperature,  the  weld  metal  is  required  to  have  a  creep 
rupture  strength  of,  for  example,  higher  than  4  Kg/mm2  in  800°C,  1000  hr  creep  test.  In  order  to  obtain  a 
sufficient  strength  and  high  oxidation  resistance,  as  well  as  a  whole  austenitic  structure,  it  is  preferred  that 
the  Ni  Equivalent  and  Cr  Equivalent  fall  within  the  hatched  area  in  Fig.  5c,  i.e.  to  meet  the  following 
conditions: 

and 

The  weld  metal  in  accordance  with  the  invention  is  an  Fe  alloy  containing  predetermined  amounts  of 
the  above-mentioned  elements,  so  that  the  balance  is  naturally  Fe.  However,  to  contain  inevitable  trace 
impurities,  e.g.  P  and  S,  does  not  matter  so  long  as  such  impurities  don't  hinder  the  attainment  of  the 
desired  effects  of  the  weld  metal  of  the  invention.  Further,  with  respect  to  the  structural  alloy  steel,  it  is 
preferred  that  the  Ni  Equivalent  and  Cr  Equivalent  fall  within  the  area  shown  in  Fig.  14,  i.e.  to  meet  the 
following  conditions: 

and 

Description  of  the  preferred  embodiments 
The  invention  will  be  more  fully  explained  hereinunder  through  description  of  preferred  embodiments. 

Example  1 
Welding  was  conducted  on  structural  alloys  Nos.  9  to  11  shown  in  Table  1  with  weld  metals  Nos.  2  to  8 

in  the  same  Table  to  produce  welded  structures  on  which  various  tests  were  conducted.  An  NCF  steel  was 
used  as  the  structural  alloy  for  the  weld  metal  No. 1.  The  welding  was  conducted  with  welding  current  of 
150  A,  voltage  of  21  to  23  V  and  at  a  welding  speed  of  150  mm/min.  The  thermal  expansion  coefficients  of 
tested  materials  are  shown  in  Table  2. 





The  results  of  the  various  tests  are  shown  in Table 3.  In  Table  3,  Nos.  2  to  8  show  the  results  of  the  tests 
conducted  on  welded  structures  obtained  by  welding  weld  metal  Nos.  2  to  8  to  the  structural  alloy  No. 9. 

Table  3  shows  the  following  facts. 
While  the  conventional  material  and  comparative  materials  Nos.  1  to  5  exhibit  high  FISCO  cracking 

ratio  of  23  to  34%,  the  material  Nos.  6  to  8  in  accordance  with  the  invention  exhibits  much  smaller  FISCO 
cracking  ratio  of  13  to  18%. 

The  materials  of  the  invention  exhibit  creep  rupture  strength  of  5  kg/mm2  in  800°C,  1000  hr  creep 
rupture  test.  This  strength  is  equivalent  to  or  greater  than  those  of  the  conventional  materials. 

The creep  rupture  elongation  of the  materials of the  invention  in  800°C,  1000  hr creep  rupture test is 8% 
or  greater.  Thus,  the  materials  of  the  invention  exhibit  a  ductility  which  is  two  or  more  times  as  high  as 
those  of  the  conventional  materials. 

Similar  effects  were  confirmed  with  the  welded  structures  obtained  by  welding  the  weld  metal  Nos.  2 
to  8  to  the  structural  alloy  Nos.  10  and  11,  respectively.  Particularly,  the  welded  structure  formed  with  the 
structural  alloy  No.  11  exhibited  superior  creep  rupture  strength  and  creep  rupture  elongation  over  a  long 
period  of  time  exceeding  1000  hours  at  800°C. 

As  will  be  seen  from  the  foregoing  explanation,  according  to  the  welded  structure  of  the  invention  in 
Example  1,  it  is  possible  to  avoid  the  concentration  of thermal  stress  to  the  weld  zone  without  deteriorating 
the  weldability,  while  ensuring  a  long  fatigue  life.  Thus,  the  welded  structure  of the  invention  in  Example  1 
can  withstand  to  the  repeated  applications  of thermal  stress  and  can  stand  long  use  without fear of  cracking 
in  weld  zone. 

Example  2 
Welded  structures  were  produced  using  weld  metals  of  various  compositions  as  shown  in  Table  4  and 

using  Incoloy  800  as  the  austenitic  structural  steel.  In  Table  4,  sample  No.  1 is  Inconel 116  which  is  known 
per  se,  and  sample  Nos.  2  to  5  are  also  known  weld  metals.  Sample  Nos.  6  to  9  are  weld  metals  in 
accordance  with  the  invention.  The  compositions  are  expressed  in  terms  of  percent  by  weight  (wt%).  The 
terminal  expansion  coefficients  of  the  base  metal  (Incoloy  800)  at  700°C,  800°C  and  900°C  were 
17.5x10-6/°C,  18.x10-6/°C  and  18.5x10-6/°C,  respectively,  which  were  equivalent  to  those  of  the  sample 
material  Nos.  6  to  9  in  accordance  with  the  invention. 





The  welding  was  conducted  with  welding  current  of  150  A  (D.C.)  and  voltage  of  21  to  23 V at  a  welding 
speed  of  150  mm/min. 

[FISCO  cracking  ratio] 
Fig.  6  shows  FISCO  cracking  ratios  of  various  weld  metals.  As  will  be  seen  from  this  Figure,  while  the 

sample  material  Nos.  1  to  5  showed  high  FISCO  cracking  ratio  of  22  to  25%,  the  weld  metal  Nos.  6  to  9  in 
accordance  with  the  invention  exhibited  much  smaller  FISCO  cracking  ratio  of  less  than  15% 
advantageously. 

[Creep  rupture  test] 
A  creep  rupture  test  was  conducted  at  800°C  with  the  above-mentioned  weld  metals  to  examine  the 

relationship  between  the  creep  rupture  time  and  the  stress,  the  result  of  which  is  shown  in  Fig.  7.  Also,  the 
reduction  of  area  at  the  time  of  rupture  in  800°C,  1000  hr  rupture  test  is  shown  in  Fig.  8. 

From  Figs.  7  and  8,  it  will  be  seen  that  the  conventional  weld  metal  Nos.  1  to  5  exhibit  creep  rupture 
strength  lower  than  that  of  the  base  metal  of  Incoloy  800,  while  the  weld  metal  Nos.  6  to  9  in  accordance 
with  the  invention  show  creep  rupture  strength  substantially  equivalent  to  or  higher  than  that  of  the  Incoloy 
800. 

Concerning  the  creep  rupture  ductility,  while  the  conventional  materials  showed  reduction  of  area  of 
less  than  10%  in  the  800°C,  1000  hr  creep  rupture  test,  the  weld  metal  Nos.  6  and  7  and  Nos.  8  and  9  in 
accordance  with  the  invention  showed  reductions  of  area  of  15%  and  20%,  respectively.  Thus,  the  weld 
metals  in  accordance  with  the  invention  has  much  higher  ductility  than  the  conventional  materials. 
Although  it  is  practically  impossible  to  obtain  a  weld  metal  having  a  ductility  equivalent  to  that  of  the  base 
metal,  it  is  considered  ideal  that  the  weld  metal  should  have  a  ductility  of  at  least  a  half  of  that  of  the  base 
metal.  Further,  in  order to  avoid  occurrence  of  cracking  dueto  embrittlement  during  the  use,  the  weld  metal 
should  have  a  ductility  of  at  least  10%.  From  this  point  of  view,  all  of  the  weld  metals  of  the  invention, 
which  exhibit  ductility  of  10%  or  greater  while  the  base  metal  has  a  ductility  of  40%,  are  quite  satisfactory 
with  regard  to  the  ductility. 

Thus,  the  weld  metals  of  the  invention  in  Example  2  have  both  of  thermal  expansion  coefficients 
equivalent to  those  of  austenitic  structural  steels  and  high  weldability.  The  structure  welded  with  such  weld 
metals  exhibit  remarkable  high  temperature  creep  rupture  strength  and  creep  rupture  ductility  and,  hence, 
a  wide  application. 

Example  3 
Table  5  shows  the  chemical  compositions  of  the  weld  metals  used  in  an  experiment  in  terms  of  weight 

percent  (wt%).  Sample  Nos.  E-2,  C-1  and  C-2  weld  metals  in  accordance  with  the  invention. 





The  weld  materials  were  molten  and  casted  under  a  vacuum  and  then  subjected  to  a  forging  and  hot 
rolling  followed  by  a  cold  drawing  to  produce  wires  of  3.2  mm  dia.  The  wires  were  then  coated  with  a  lime 
titania  type  coating.  Build-up  welding  was  conducted  on  a  sheet  of  Incoloy  800  (0.08%  C-0.45%  Si-0.76% 
Mn-31.8%  Ni-20.8%  Cr-0.25%  Al-0.52%  Ti-balance  Fe)  in  5  to  7  layers  with  10  to  13  passes  welding 
under  the  welding  condition  of  24  V  and  110  A.  Test  pieces  were  obtained  from  the  weld  metals  thus 
formed  and  were  subjected  to  a  creep  rupture  test  which  was  conducted  at  800°C. 

Fig.  9  shows  the  creep  rupture  strength  in  800°C,  1000  hr  creep  rupture  test.  From  this  Figure,  it  will  be 
seen  that the  conventional  weld  metals  A-1,  A-2,  A-3,  B-1,  B-2  and  B-3  exhibit  creep  rupture  strengths  lower 
than  that  of  the  base  metal  which  ranges  between  the  lower  limit  value  of  4.1  Kg/mm2  and  the  upper  limit 
value  of  5.0  Kg/mm2,  whereas  the  weld  metals  C-1  and  C-2  of  the  invention  containing  Mo,  Nb  and  Ti 
showed  creep  rupture  strengths  equivalent  to  or  greater  than  the  mean  creep  rupture  strength  of  the  base 
metal.  Also,  the  weld  metal  E-2  of  the  invention  having  a  low  C  content  and  containing  Mo  and  Nb  showed 
a  creep  rupture  strength  greater  than  the  mean  creep  rupture  strength  of  the  base  metal. 

Fig.  10  shows  the  creep  rupture  reduction  of  area  in  a  creep  rupture  test  conducted  at  800°C  for  700  to 
1200  hours.  The  creep  rupture  reduction  of  area  of  the  weld  metal  E-2  in  accordance  with  the  invention  is 
about  20%  which  is  just  a  half  of  that  (40%)  of  the  base  metal  of  Incoloy  800.  Hitherto,  it  has  been 
considered  ideal  that  the  weld  metal  has  a  ductility  which  is  at  least  a  half  of  that  of  the  base  metal.  Thus, 
the  weld  metal  E-2  in  accordance  with  the  invention  has  an  ideal  rupture  ductility.  The  conventional  weld 
metals  had  ductility  of  lower. than  10%  and  this  low  ductility  was  a  cause  of  cracking  during  use  at  high 
temperature.  In  this  connection,  it  is  to  be  noted  that  the  weld  metals  C-1  and  C-2  in  accordance  with  the 
invention  exhibit  rupture  ductilities  exceeding  about  10%  which  are  much  higher  than  those  of  the 
conventional  weld  metals  A-1,  A-2,  A-3,  B-1,  B-2  and  B-3. 

Fig.  11  shows  the  relationship  between  the  C  content  and  the  creep  rupture  reduction  of  area  in  800°C, 
500  to  1500  hr  creep  rupture  test.  For  obtaining  a  rupture  ductility  greater  than  10%,  the  C  content  should 
be  less  than  0.75%.  Taking  the  fluctuation  into  account,  the  weld  metals  C-1,  C-2  and  E-2  of  the  invention 
exhibiting  rupture  ductility  in  excess  of  10%  have  C  contents  less  than  0.75%. 

As  will  be  understood  from  the  foregoing  description,  the  weld  joint  formed  with  weld  metals  of  the 
invention  in  Example  3  exhibits  high  creep  rupture  strength  and  creep  rupture  ductility,  whereas,  in  the 
weld  joint  formed  with  the  conventional  weld  metal,  a  thermal  fatigue  is  caused  by  the  thermal  stresses 
applied  repeatedly  during  the  use  at  high  temperature.  In  this  case,  owing  to  the  facts  that  the  strength  of 
the  weld  metal  is  lower  than  that  of  the  base  metal  and  particularly  that  the  ductility  of  the  weld  metal  is 
lower  than  that  of  the  base  metal,  such  accidents  that  the  cracks  are  formed  in  the  weld  metal  have 
frequently  occurred.  In  contrast,  in  the  weld  joint formed  with  the  weld  metal  of  the  invention  in  Example  3, 
the  thermal  stress  and  strain  are  not  concentrated  to  the  weld  metal  but  is  born  by  the  whole  portion  of  the 
weld  joint  including  the  base  metal  so  that  the  cracking  in  the  weld  metal  due  to  thermal  fatigue  is 
remarkably  suppressed,  because  a  creep  strength  of  the  weld  metal  is  equivalent  to  that  of  the  base  metal 
as  shown  in  Fig.  10  and  because  the  weld  metal  has  a  rupture  ductility  of  at  least  10%  which  is  much  higher 
than  that  of  the  conventional  weld  metal  as  shown  in  Fig.  11.  Once  a  crack  is  formed,  it  is  necessary  to 
repair the  cracked  part  or  renew the  cracked  part which  in  turn  requires  a  long  shutdown  period  of the  plant 
therby  causing  a  serious  damage  from  the  economical  point  of  view.  It  is,  therefore,  quite  remarkable  and 
advantageous  that  the  cracking  is  avoided  and  the  expense  which  may  be  incurred  by  the  cracking  is  saved 
by  the  use  of  weld  metals  of  the  invention  in  Example  3. 

Example  4 
Welding  was  conducted  using  an  NCF  steel  (23%  Cr-34%  Ni)  as  the  base  metal,  and  various  tests 

were  carried  out  on  the  weld  metal  Nos.  1  to  11  shown  in  Table  6.  More  specifically,  No.  1 is  a  conventional 
material,  while  Nos.  2  to  4  are  comparative  materials.  Nos.  5  to  11  are  weld  metals  in  accordance  with  the 
invention.  The  respective  weld  metals  were  obtaining  by  effecting  the  down  hand  welding  to  a  base  metal 
having  a  groove  shape  shown  in  Fig.  12.  The  welding  current  and  voltage  were  100  to  150  A  D.C.  and  21  to 
23  V  D.C.,  respectively,  and  the  welding  speed  was  150  mm/min.  The  welding  rods  used  had  diameters  of 
3.2  mm  and  4.0  mm  with  coating  of  lime-titania  type  flux  containing  calcium  carbonate,  fluorite,  rutile, 
potassium  feldspar,  mica,  silica  sand,  ferromanganese,  ferrosilicon,  etc.  Incidentally,  an  example  of  the 
groove  shape  suitable  for  use  in  fabricating  the  welded  structure  of  reaction  pipe  of  an  actual  chemical 
plant  is  shown  in  Fig.  13. 

The  weld  metal  Nos.  1  to  11  thus  obtained  exhibited  thermal  expansion  coefficients  as  shown  in  Table 
7.  Table  8  shows  the  results  of  FISCO  cracking  test,  creep  test  and  fatigue  test. 

The  following  facts  are  noted  from  Table  8.  Regarding  the  FISCO  cracking,  the  conventional  weld  metal 
No.  1 and  the  comparative  weld  metal  Nos.  2  to  4  exhibit  high  FISCO  cracking  ratio  of  20  to  32%,  whereas, 
in  the  weld  metal  Nos.  5  to  11  in  accordance  with  the  invention,  the  FISCO  cracking  ratio  is  as  small  as  15  to 
18%. 

In  addition,  the  weld  metals  of the  invention  exhibits  a  creep  rupture  strength  at  800°C,  1000  hours  of  5 
Kg/mm2  which  is  equivalent  to  or  higher  than  that  of  the  conventional  weld  metal,  and  a  creep  rupture 
elongation  at  800°C,  1000  hours  of  6%  or  greater which  is  more  than  about  150%  of that  of the  conventional 
m e t a  



It  is  to  be  noted  also  that  the  weld  metals  of  the  invention  exhibits  a  low  cycle  fatigue  life  of  600  times 
or  higher  at  800°C  and  Δεt=0.7%,  which  is  more  than  150%  of  that  of  the  conventional  weld  metal. 

As  has  been  described,  according  to  the  weld  metal  of  the  invention  in  Example  4,  it  is  possible  to 
prevent  the  thermal  stress  from  concentrating  to  the  weld  zone  without  deteriorating  the  weldability,  and  to 
withstand  against  the  repeatedly  applied  thermal  stresses  because  its  fatigue  life  is  superior.  In 
consequence,  it  is  possible  to  remarkably  prolong  the  life  of  the  weld  zone  against  cracking. 





Example  5 
The  chemical  compositions  (wt%)  of  the  samples  used  in  the  experiments  are  shown  in  Table 9.  Each 

sample,  after  having  been  subjected  to  a  solution  heat  treatment,  was  worked  by  grinding,  finished  with 
#800  emery  paper  and  then  subjected  to  a  corrosion  test.  As  the  solution  heat  treatment,  samples  of  No.  5 
(SUS  304)  and  No.  6 (SUS  321)  were  heated  at  1050°C  for  30  minutes  and  then  water-quenched,  while  the 
samples  of  Nos.  1-4  of  the  invention  and  No.  7 (Incoloy  800)  were  heated  at  1150°C  for  30  minutes  and 
then  water-quenched. 





Fig.  15  shows  the  relationship  between  the  temperature  and  the  formed  scale  thickness  when  each 
sample  was  corroded  in  a  steam  at  a temperature  of  500  to  700°C for  1000  hours.  As  may  be  apparent from 
this  Figure,  the  steel  of  the  invention  exhibits  such  a  tendency  that  with  increase  in  Si  content  the  higher 
resistance  to  steam  oxidation  is  obtained,  and  it  is  seen  that  comparing  with  comparative  samples  of  No.  5 
(SUS  304)  and  No.  6 (SUS  321)  the  resistance  to  steam  oxidation  of  the  steel  according  to  the  invention  is 
about  three  times  or  more  as  high  as  that  of  conventional  steels.  Especially,  there  is  such  a  tendency  that 
the  difference  in  corrosion  resistance  between  the  steel  of the  invention  and  the  conventional  steels  (Nos.  5 
and  6)  becomes  larger  with  increase  in  temperature.  Further,  it  is  seen  that  the  steel  of  the  invention  has  a 
higher  corrosion  resistance  than  the  Incoloy  800  (No. 7)  which  is  also  an  iron  base  heat-resistant  alloy. 

Figs.  16  and  17  are  graphs  showing  respectively  relationship  between  the  corrosion  weight  loss,  the  Cr 
content  and  the  Si  content  when  each  sample,  after  having  been  coated  with  a  coating  of  Na2SO4+V201 
(1:6),  was  corroded  at  800°C  for  300  hours  in  a  gas  having  a  composition  of  10%  CO2+1%  S02+5% 
02+balance  N2.  As  may  be  understood  also  from  the  results  shown  in  Figs.  16-and  17,  the  steel  of  the 
invention  exhibits  a  high  temperature  corrosion  resistance  which  is  twice  or  more  as  high  as  those  of  the 
comparative  steels  No.  5 (SUS  304)  and  No.  6 (SUS  321).  Further,  comparing  with  the  comparative  steel  No. 
7  (Incoloy 800),  it  is  apparent  that  the  steel  of  the  invention  exhibits  a  corrosion  resistance  which  is  equal  to 
or  higher  than  that  of  the  former. 

Further,  as  shown  in  Fig.  16,  when  the  Cr  content  is  made  to more  than  20.5%,  especially  more  than 
21 %,  an  excellent  corrosion  resistance  is  obtained. 

From  Fig.  17  it  is  seen  that  the  Si  improves  the  corrosion  resistance  markedly. 
In  Fig.  14,  the  Ni  Equivalent  and  Cr  Equivalent  of the  steel  of the  invention  (mark  o)  and  the  comparative 

steels  (mark  o)  are  shown.  It  has  been  confirmed  that  the  steel  of  the  invention  does  not  crack  when  it  is 
worked  by  an  extrusion  process  or  Mannesmann  process  to  produce  a  seamless  steel  pipe.  It  has  been  also 
confirmed  that  the  steel  of  the  invention  exhibits  a tensile  elongation  of  40%  up  to  a  temperature  of  around 
600°C  and  the  elongation  linearly  increases  from  this  point  to  90%  at  800°C. 

As  has  been  described,  comparing  with  conventional  steels  such  as  SUS  304,  SUS  321  and  iron  base 
heat-resistant  alloy  (Incoloy  800),  the  steel  of  the  invention  in  Example  5  has  a  'markedly  superior  high 
temperature  corrosion  resistance  against  the  combustion  gas  and  the  steam  oxidation-to  which  the  inner 
and  outer  walls  of  a  tube  are  exposed  and  which  become  problems  in  a  coal  combustion  boiler,  and  thus 
brings  about  marked  advantage  in  that  when  it  is  used  in  a  boiler  tube  for  power  plant  a  power  generating 
efficiently  is  increased. 

1.  A  heat-resistant  and  corrosion-resistant  weld  metal  alloy  consisting  of,  by  weight,  less than  0.08%  of 
C,  0.1  to  1.0%  of  Si,  2  to  3%  of  Mn,  32  to  42%  of  Ni,  21  to  25%  of Cr,  0.8  to  1.7%  of  Mo,  0.1  to  1.0%  of  Nb,  up 
to  0.5%  of Ti,  up  to  2%  of  Co,  up  to  2%  of  Cu,  up  to  1%  of  W,  up  to  0.2%  of  N,  up  to  1.0%  of V,  up  to  1.0%  of 
Zr,  up  to  1.0%  of Ta  and  the  balance  being  Fe  plus  impurities,  wherein  the  following  conditions  are  met: 

and 

and  the  weld  metal  exhibits  a  800°C,  1000  h  creep  rupture  strength  of  more  than  4  kg/mm2  and  a  800°C, 
1000  h  creep  rupture  elongation  of  more  than 6%. 

2.  A  heat-resistant  and  corrosion-resistant  weld  metal  alloy  according  to  claim  1,  wherein  the  following 
conditions  are  met: 

3.  A  heat-resistant  and  corrosion-resistant  weld  metal  alloy  according to  claim  1  containing,  by  weight, 
0.02  to  0.07%  of  C,  0.5  to  1  %  of  Si,  2.3  to  2.7%  of  Mn,  32  to  35%  of  Ni,  22  to  24%  of  Cr,  1.2  to  1.5%  of  Mo  and 
0.2  to  0.6%  of  Nb. 

4.  The  use  of  a  heat-resistant  and  corrosion-resistant  weld  metal  alloy  consisting  of,  by  weight,  0.02  to 
0.06%  of  C,  0.1  to  1.0%  of  Si,  2  to  3%  of  Mn,  33  to  42%  of  Ni,  21  to  25%  of  Cr,  1.0  to  1.6%  of  Mo,  0.1  to  1.0% 
of Nb, 0.1  to  0.5%  of  Ti,  0.05  to  1.0%  of  W,  0.05  to  1.0%  of  V  and  the  balance  being  Fe  plus  impurities  which 
exhibits  a  800°C,  1000  h  creep  rupture  strength  of  more  than  4  kg/mm2  and  a  800°C,  1000  h  creep  rupture 
elongation  of  more  than  6%,  for  welding  an austenitic  structural  alloy  containing,  by  weight,  0.02  to  0.06% 
of  C,  0.1  to  3.5%  of  Si,  less  than  2%  of  Mn,  20  to  38%  of  Ni,  20.5  to  27%  of  Cr,  1.0  to  1.6%  of  Mo,  0.1  to  1.0% 
of  Nb,  0.05  to  1.0%  of  V  and  0.1  to  1.0%  of  Zr,  the  balance  being  Fe  plus  impurities. 

5.  The  use  of  a  heat-resistant  and  corrosion-resistant  weld  metal  alloy  consisting  of,  by  weight,  0.02  to 



0.075%  of  C, 0.1  to  1.5%  of  Si,  2 to  3%  of  Mn, 32  to  38%  of  Ni, 21  to  25%  of Cr,  1 to  1.6% of Mo, 0.1  to 1 %  of 
Nb, 0.1  to  1%  of Ti  and/or  Zr  and  the  balance  being  Fe  plus  impurities  which  exhibits  a  800°C,  1000  h  creep 
rupture  strength  of  more  than  4  kg/mm2  and  a  800°C,  1000  h  creep  rupture  elongation  of  more  than  6%  for 
welding  an  austenitic  structural  alloy  containing,  by  weight,  32  to  38%  of  Ni  and  20.5  to  25%  of  Cr,  the 
balance  being  Fe  plus  impurities. 

6.  The  use  according  to  claim  4  or  5,  wherein  said  structural  alloy  and  said  weld  metal  meet  the 
following  conditions,  respectively: 

and 

7.  The  use  according  to  claim  5,  wherein  said  austenitic  structural  alloy  further  contains,  by  weight, 
0.15  to  0.6%  of  Ti  and  0.15  to  0.6%  of  AI. 

8.  The  use  according  to  claims  4,  5  or  7,  wherein  said  weld  metal  contains,  by  weight,  0.03  to  0.06%  of 
C,  0.3  to  0.6%  of  Si,  2  to  3%  of  Mn,  less  than  0.015%  of  P,  less  than  0.015%  of  S,  34  to  40%  of  Ni,  21  to  25% 
of  Cr,  1.0  to  1.5%  of  Mo  and  0.3  to  0.6%  of  Nb. 

9.  The  use  of  a  heat-resistant  and  corrosion-resistant  weld  metal  alloy  consisting  of,  by  weight,  0.02  to 
0.08%  of  C,  0.1  to  1.5%  of  Si,  2  to  3%  of  Mn,  32  to  38%  of  Ni,  21  to  25%  of  Cr,  1  to  1.6%  of  Mo,  0.1  to  1  %  of 
Nb  and  the  balance  being  Fe  plus  impurities,  which  exhibits  a  800°C,  1000  h  creep  rupture  strength  of  more 
than  4  kg/mm2  and  a  800°C,  1000  h  creep  rupture  elongation  of  more  than  6%  for  welding  an  austenitic 
structural  alloy  containing,  by  weight,  less  than  0.08%  of  C,  0.5  to  3.5%  of  Si,  less  than  2.0%  of  Mn,  20  to 
38%  of  Ni,  20.5  to  27%  of  Cr,  1  to  1.6%  of  Mo  and  0.1  to  1%  of  Nb,  the  balance  being  Fe  plus  impurities. 

10.  The  use  of  a  heat-resistant  and  corrosion-resistant  weld  metal  alloy  consisting  of,  by  weight,  0.02  to 
0.08%  of  C,  0.1  to  1.5%  of  Si,  2  to  3%  of  Mn,  32  to  38%  of  Ni,  21  to  25%  of  Cr,  1 to  1.6%  of  Mo,  0.1  to  1.0%  of 
Nb,  0.1  to  0.5%  of Ti  and  the  balance  being  Fe  plus  impurities,  which  exhibits  a  800°C,  1000  h  creep  rupture 
strength  of  more than  4  kg/mm2  and  a  800°C,  1000  h  creep  rupture  elongation  of  more than  6%,  for welding 
an  austenitic  structural  alloy  containing,  by  weight,  less  than  0.08%  of  C,  0.5  to  3.5%  of  Si,  less  than  2.0%  of 
Mn,  20  to  38%  of  Ni,  20.5  to  27%  of  Cr,  1  to  1.6%  of  Mo  and  0.1  to  1.0%  of  Nb,  the  balance  being  Fe  and 
impurities. 

11.  The  use  of  a  heat-resistant  and  corrosion-resistant  weld  metal  alloy  consisting  of,  by  weight,  0.02  to 
0.08%  of  C,  0.1  to  1.5%  of  Si,  2  to  3%  of  Mn,  32  to  38%  of  Ni,  21  to  25%  of  Cr,  1  to  1.6%  of  Mo,  0.1  to  1.0%  of 
Nb  and  the  balance  being  Fe  plus  impurities,  which  exhibits  a  800°C,  1000  h  creep  rupture  strength  of  more 
than  4  kg/mm2  and  a  800°C,  1000  h  creep  rupture  elongation  of  more  than  6%,  for  welding  an  austenitic 
structural  alloy  containing,  by  weight,  less  than  0.08%  of  C,  0.5  to  3.5%  of  Si,  less  than  2.0%  of  Mn,  20  to 
38%  of  Ni, 20.5 to  27%  of Cr,  1 to  1.6%  of  Mo,  0.1  to  1.0%  of  Nb  and  0.1  to  0.5%  of  Ti  and/or  Zr,  the  balance 
being  Fe  plus  impurities. 

12.  The  use  of  a  heat-resistant  and  corrosion-resistant  weld  metal  alloy  consisting  of,  by  weight,  0.02  to 
0.08%  of  C,  0.1  to  1.5%  of  Si,  2  to  3%  of  Mn,  32  to  38%  of  Ni,  21  to  25%  of  Cr,  1  to  1.6%  of  Mo,  0.1  to 1 % of 
Nb, 0.1  to  0.5%  of Ti  and  the  balance  being  Fe  plus  impurities,  which  exhibits  a  800°C,  1000  h  creep  rupture 
strength  of  more  than  4  kg/mm2  and  a  800°C,  1000  h  creep  rupture  elongation  of  more  than  6%,  for  welding 
an  austenitic  structural  alloy  containing,  by  weight,  less  than  0.08%  of  C,  0.5  to  3.5%  of  Si,  less  than  2.0%  of 
Mn,  20  to  38%  of  Ni,  20.5  to  27%  of  Cr,  1  to  1.6% of  Mo,  0.1  to  1.0%  of  Nb  and  0.1  to  0.5%  ofTi  and/or  Zr,  the 
balance  being  Fe  and  impurities. 

1.  Hitzebeständige  und  korrosionsbeständige  Schweißmetallegierung,  die  gewichtsmäßig  aus  weniger 
als  0,08%  C, 0,1  bis  1,0%  Si,  2  bis  3%  Mn,  32  bis  42%  Ni,  21  bis  25%  Cr,  0,8  bis  1,7%  Mo,  0,1  bis  1,0%  Nb, 
bis  zu  0,5%  Ti,  bis  zu  2%  Ca,  bis  zu  2%  Cu,  bis  zu  1  %  W,  bis  zu  0,2%  N,  bis  zu  1,0%  V,  bis  zu  1,0%  Zr,  bis  zu 
1,0%  Ta  und  Rest  Fe  plus  Verunreinigungen  besteht,  wobei  die  folgenden  Bedingungen  eingehalten 
werden: 

und 

und  das  Schweißmetall  eine  800°C-1000  h-Kriechbruchfestigkeit  von  mehr  als  4  kg/mm2  und  eine 
800°C-1000  h-Kriechbruchdehnung  von  mehr  als  6%  zeigt. 



2.  Hitzebeständige  und  korrosionsbeständige  Schweißmetallegierung  nach  Anspruch  1,  wobei  die 
folgenden  Bedingungen  eingehalten  werden: 

3.  Hitzebeständige  und  korrosionsbeständige  Schweißmetallegierung  nach  Anspruch  1,  die  gewichts- 
mäßig  0,02  bis  0,07%  C,  0,5  bis  1%  Si,  2,3  bis  2,7%  Mn,  32  bis  35%  Ni,  22  bis  24%  Cr,  1,2  bis  1,5%  Mo  und 
0,2  bis  0,6%  Nb  enthält. 

4.  Verwendung  einer  hitzebeständigen  und  korrosionsbeständigen  Schweißmetallegierung,  d i e  
gewichtsmäßig  aus  0,02  bis  0,06%  C,  0,1  bis  1,0%  Si,  2  bis  3%  Mn,  33  bis  42%  Ni,  21  bis  25%  Cr,  1,0  bis 
1,6%  Mo,  0,1  bis  1,0%  Nb,  0,1  bis  0,5%  Ti,  0,05  bis  1,0%  W,  0,05  bis  1,0%  V  und  Rest  Fe  plus 
Verunreinigungen  besteht,  die  eine  800°C-1000  h-Kriechbruchfestigkeit  von  mehr  als  4  kg/mm2  und  eine 
800°C-1000  h-Kriechbruchdehnung  von  mehr  als  6%  zeigt,  zum  Schweißen  einer  Austenitgefügelegier- 
ung,  die  gewichtsmäßig  0,02  bis  0,06%  C,  0,1  bis  3,5%  Si,  weniger  als  2%  Mn,  20  bis  38%  Ni,  20,5  bis  27% 
Cr,  1,0  bis  1,6%  Mo,  0,1  bis  1,0%  Nb,  0,05  bis  1,0%  V  und  0,1  bis  1,0%  Zr,  Rest  Fe  plus  Verunreinigungen 
enthält. 

5.  Verwendung  einer  hitzebeständigen  und  korrosionsbeständigen  Schweißmetallegierung,  die 
gewichtsmäßig  aus  0,02  bis  0,075%  C,  0,1  bis  1,5%  Si,  2  bis  3%  Mn,  32  bis  38%  Ni,  21  bis  25%  Cr,  1  bis  1,6% 
Mo,  0,1  bis  1%  Nb,  0,1  bis  1%  Ti  und/oder  Zr  und  Rest  Fe  plus  Verunreinigungen  besteht,  die  eine 
800°C-1000  h-Kriechbruchfestigkeit  von  mehr  als  4  kg/mm2  und  eine  800°C-1000  h-Kriechbruch- 
dehnung  von  mehr  als  6%  zeigt,  zum  Schweißen  einer  Austenitgefügelegierung,  die  gewichtsmäßig  32  bis 
38%  Ni  und  20,5  bis  25%  Cr,  Rest  Fe  plus  Verunreinigungen  enthält. 

6.  Verwendung  nach  Anspruch  4  oder  5,  wobei  die  Gefügelegierung  und  das  Schweißmetall  die 
folgenden  Bedingungen  erfüllen: 

bzw. 

7. Verwendung  nach  Anspruch  5,  wobei  die  Austenitgefügelegierung  weiter  gewichtsmäßig  0,15  bis 
6%  Ti  und  0,15  bis  0,6%  AI  enthält. 

8.  Verwendung  nach  den  Ansprüchen  4,  5  oder  7,  wobei  das  Schweißmetall  gewichtsmäßig  0,03  bis 
0,06%  C,  0,3  bis  0,6%  Si,  2  bis  3%  Mn,  weniger  als  0,015%  P,  weniger  als  0,015%  S,  34  bis  40%  Ni,  21  bis 
25%  Cr,  1,0  1,5%  Mo  und  0,3  bis  0,6%  Nb  enthält. 

9.  Verwendung  einer  hitzebeständigen  und  korrosionsbeständigen  Schweißmetallegierung,  die 
gewichtsmäßig  aus  0,02  bis  0,08%  C,  0,1  bis  1,5%  Si,  2  bis  3%  Mn,  32  bis  38%  Ni,  21  bis  25%  Cr,  1  bis  1,6% 
Mo,  0,1  bis  1%  Nb  und  Rest  Fe  plus  unvermeidlichen  Verunreinigungen  besteht,  die  eine  800°C-1000 
h-Kriechbruchfestigkeit  von  mehr  als  4  kg/mm2  und  eine  800°C-1000  h-Kriechbruchdehnung  von  mehr 
als  6%  zeigt,  zum  Schweißen  einer  Austenitgefügelegierung,  die  gewichtsmäßig  weniger  als  0,08%  C,  0,5 
bis  3,5%  Si,  weniger  als  2,0%  Mn,  20  bis  38%  Ni,  20,5  bis  27%  Cr,  1  bis  1,6%  Mo  und  0,1  bis  1  %  Nb,  Rest  Fe 
plus  Verunreinigungen  enthält. 

10.  Verwendung  einer  hitzebeständigen  und  korrosionsbeständigen  Schweißmetallegierung,  die 
gewichtsmäßig  aus  0,02  bis  0,08%  C,  0,1  bis  1,5%  Si,  2  bis  3%  Mn,  32  bis  38%  Ni,  21  bis  25%  Cr,  1  bis  1,6% 
Mo,  0,1  bis  1,0%  Nb,  0,1  bis  0,5%  Ti  und  Rest  Fe  plus  Verunreinigungen  besteht,  die  eine  800°C-1000 
h-Kriechbruchfestigkeit  von  mehr  als  4  kg/mm2  und  eine  800°C-1000  h-Kriechbruchdehnung  von  mehr 
als  6%  zeigt,  zum  Schweißen  einer  Austenitgefügelegierung,  die  gewichtsmäßig  weniger  als  0,08%  C,  0,5 
bis  3,5%  Si,  weniger  als  2,0%  Mn,  20  bis  38%  Ni,  20,5  bis  27%  Cr,  1  bis  1,6%  Mo  und  0,1  bis  1,0%  Nb,  Rest 
Fe  plus  Verunreinigungen  enthält. 

11.  Verwendung  einer  hitzebeständigen  und  korrosionsbeständigen  Schweißmetallegierung,  die 
gewichtsmäßig  aus  0,02  bis  0,08%  C,  0,1  bis  1,5%  Si,  2  bis  3%  Mn,  32  bis  38%  Ni,  21  bis  25%  Cr,  1  bis  1,6% 
Mo,  0,1  bis  1,0%  Nb  und  Rest  Fe  plus  Verunreinigungen  besteht,  die  eine  800°C-1000  h-Kriechbruch- 
festigkeit  von  mehr  als  4  kg/mm2  und  eine  800°C-1000  h-Kriechbruchdehnung  von  mehr  als  6%  zeigt, 
zum  Schweißen  einer  Austenitgefügelegierung,  die  gewichtsmäßig  weniger  als  0,08%  C,  0,5  bis  3,5%  Si, 
weniger  als  2,0%  Mn,  20  bis  38%  Ni,  20,5  bis  27%  Cr,  1  bis  1,6%  Mo,  0,1  bis  1,0%  Nb  und  0,1  bis  0,5%  Ti 
und/oder  Zr,  Rest  Fe  plus  Verunreinigungen  enthält. 

12.  Verwendung  einer  hitzebeständigen  und  korrosionsbeständigen  Schweißmetallegierung,  die 
gewichtsmäßig  aus  0,02  bis  0,08%  C,  0,1  bis  1,5%  Si,  2  bis  3%  Mn,  32  bis  38%  Ni,  21  bis  25%  Cr,  1  bis  1,6% 
Mo,  0,1  bis  1%  Nb,  0,1  bis  0,5%  Ti  und  Rest  Fe  plus  Verunreinigungen  besteht,  die  eine  800°C-1000 
h-Kriechbruchfestigkeit  von. mehr  als  4  kg/mm2  und  eine  800'C-1000  h-Kriechbruchdehnung  von  mehr 



als  6%  zeigt,  zum  Schweißen  einer  Austenitgefügelegierung,  die  gewichtsmäßig  weniger  als  0,08%  C,  0,5 
bis  3,5%  Si,  weniger  als  2,0%  Mn,  20  bis  38%  Ni, 20,5 bis  27%  Cr,  1 bis  1,6%  Mo,  0,1  bis  1,0%  Nb  und  0,1  bis 
0,5%  Ti  und/oder  Zr,  Rest  Fe  plus  Verunreinigungen  enthält. 

1.  Alliage  formant  métal  de  soudure  résistant  à  la  chaleur  et  à  la  corrosion,  comprenant,  en  poids, 
moins  de  0,08%  de  C,  0,1  à  1  %  de  Si,  2  à  3%  de  Mn,  32  à  42%  de  Ni,  21  à  25%  de  Cr,  0,8  à  1,7%  de  Mo,  0,1  à 
1  %  de  Nb,  jusqu'à  0,5%  de  Ti,  jusqu'à  2%  de  Co,  jusqu'à  2%  de  Cu,  jusqu'à  1  %  de  W,  jusqu'à  0,2%  de  N, 
jusqu'à  1,0%  de  V,  jusqu'à  1,0%  de  Zr,  jusqu'à  1,0%  de  Ta,  le  reste  étant  constitué  par  du  Fe  plus  des 
impuretés,  et  dans  lequel  les  conditions  suivantes  sont  satisfaites: 

et 

et  le  métal  de  soudure  présentant  une  résistance  à  la  rupture  par  fluage  à  1000  h  à  800°C,  supérieure  à  4 
kg/mm2  et  un  allongement  à  la  rupture  par  fluage  à  1000  h  à  800°C,  supérieur  à  6%. 

2.  Alliage  formant  métal  de  soudure  résistant  à  la  chaleur  et  à  la  corrosion  selon  la  revendication  1, 
dans  lequel  les  conditions  suivantes  sont  satisfaites: 

3.  Alliage  formant  métal  de  soudure  résistant  à  la  chaleur  et  résistant  à  la  corrosion  selon  la 
revendication  1,  contenant,  en  poids,  0,02  à  0,07%  de  C,  0,5  à  1 %  de  Si,  2,3  à  2,7%  de  Mn,  32  à  35%  de  Ni, 
22  à  24%  de  Cr,  1,2  à  1,5%  de  Mo  et  0,2  à  0,6%  de  Nb. 

4.  Utilisation  d'un  alliage  formant  métal  de  soudure  résistant  à  la  chaleur  et  résistant  à  la  corrosion 
contenant,  en  poids,  0,02  à  0,06%  de  C,  0,1  à  1,0%  de  Si,  2  à  3%  de  Mn,  33  à  42%  de  Ni,  21  à  25%  de Cr,  1,0  à 
1,6%  de  Mo,  0,1  à  1 %  de  Nb,  0,1  à  0,5%  de  Ti,  0,05  à  1,0%  de  W,  0,05  à  1,0%  de  V,  le  reste  étant  constitué 
par  du  Fe  plus  des  impuretés,  et  qui  présente  une  résistance  à  la  rupture  par  fluage  à  1000  h  à  800°C, 
supérieure  à  4  kg/mm2  et  un  allongement  à  la  rupture  par  fluage  à  1000  h  à  800°C  supérieur  à  6%,  pour  le 
soudage  d'un  alliage  de  construction  austénitique  contenant,  en  poids,  0,02  à  0,06%  de  C,  0,1  à  3,5%  de  Si, 
moins  de  2%  de  Mn,  20  à  38%  de  Ni,  20,5  à  27%  de  Cr, 1,0  à  1,6%  de  Mo,  0,1  à  1,0%  de  Nb,  0,05  à  1,0%  de  V 
et  0,1  à  1,0%  de  Zr,  le  reste  étant  constitué  par  du  Fe  plus  des  impuretés. 

5.  Utilisation  d'un  alliage  formant  métal  de  soudure  résistant  à  la  chaleur  et  à  la  corrosion,  contenant, 
en  poids,  0,02  à  0,075%  de  C,  0,1  à  1,5%  de  Si,  2  à  3%  de  Mn,  32  à  38%  de  Ni,  21  à  25%  de  Cr,  1  à  1,6%  de 
Mo,  0,1  à  1  %  de  Nb,  0,1  à  1  %  de  Ti  et/ou  de  Zr,  le  reste  étant  constitué  par  du  Fe  plus  des  impuretés,  et  qui 
présente  une  résistance  à  la  rupture  par fluage  à  1000  h  à  800°C,  supérieure  à  4  kg/mm2  et  un  allongement  à 
la  rupture  par  fluage  à  1000  h  à  800°C,  supérieur  à  10%,  pour  le  soudage  d'un  alliage  de  construction 
austénitique  contenant,  en  poids,  32  à  38%  de  Ni  et  20,5  à  25%  de  Cr,  le  reste  étant  constitué  par  du  Fe  plus 
des  impuretés. 

6.  Utilisation  selon  la  revendication  4  ou  5,  selon  laquelle  ledit  alliage  de  construction  et  ledit  métal  de 
soudure  satisfont  respectivement  aux  conditions  suivantes: 

et 

7.  Utilisation  selon  la  revendication  5,  selon  laquelle  ledit  alliage  de  construction  austénitique  contient 
en  outre,  en  poids,  0,15  à  0,6%  de  Ti  et  0,15  à  0,6%  de  AI. 

8.  Utilisation  selon  les  revendications  4,  5 ou  7,  selon  laquelle  ledit  métal  de  soudure  contient,  en  poids, 
0,03  à  0,06%  de  C,  0,3  à  0,6%  de  Si,  2  à  3%  de  Mn,  moins  de  0,015%  de  P,  moins  de  0,015%  de  S,  34  à  40% 
de  Ni,  21  à  25%  de  Cr,  1,0  à  1,5%  de  Mo  et  0,3  à  0,6%  de  Nb. 

9.  Utilisation  d'un  alliage  formant  métal  de  soudure  résistant  à  la  chaleur  et  à  la  corrosion,  comprenant, 
en  poids,  0,02  à  0,08%  de  C,  0,1  à  1,5%  de  Si,  2  à  3%  de  Mn,  32  à  38%  de  Ni,  21  à 25% de Cr,  1  à 1,6%  de  Mo, 
0,1  à  1%  de  Nb,  le  reste  étant  constitué  par  du  Fe  plus  des  impuretés,  et  qui  présente  une  résistance  à  la 
rupture  par fluage  à 1000  h  à  800°C,  supérieure  à  4  kg/mm2  et  un  allongement  à la  rupture  par fluage  à  1000 



h  à  800°C,-supérieur  à  6%  pour  le  soudage  d'un  alliage  de  construction  austénitique  contenant,  en  poids, 
moins  de  0,08%  de  C,  0,5  à  3,5%  de  Si,  moins  de  2,0  de  Mn,  20  à  38%  de  Ni,  20,5  à  27%  de  Cr,  1  à  1,6%  de 
Mo  et  0,1  à  1%  de  Nb,  le  reste  étant  constitué  par  du  Fe  plus  des  impuretés. 

10.  Utilisation  de  l'alliage  formant  métal  de  soudure  résistant  à  la  chaleur  et  à  la  corrosion,  contenant, 
en  poids,  0,02  à  0,08%  de  C,  0,1  à  1,5%  de  Si,  2  à  3%  de  Mn,  32  à  38%  de  Ni,  21  à  25%  de  Cr,  1  à  1,6%  de  Mo, 
0,1  à  1  %  de  Nb,  0,1  à  0,5%  de  Ti,  le  reste  étant  constitué  par  du  Fe  plus  des  impuretés,  et  qui  présente  une 
résistance  à  la  rupture  par  fluage  à  1000  h  à  800°C,  supérieure  à  4  kg/mm2  et  un  allongement  à  la  rupture 
par  fluage  à  1000  h  à  800°C,  supérieur  à  6%,  pour  le  soudage  d'un  alliage  de  construction  austénitique 
contenant,  en  poids,  moins  de  0,08%  de  C,  0,5  à  3,5%  de  Si,  moins  de  2,0%  de  Mn,  20  à  38%  de  Ni,  20,5  à 
27%  de  Cr,  1  à  1,6%  de  Mo  et  0,1  à  1,0%  de  Nb,  le  reste  étant  constitué  par  du  Fe  et  des  impuretés. 

11.  Utilisation  d'un  alliage  formant  métal  de  soudure  résistant  à la  chaleur  et  à  la  corrosion  contenant, 
en  poids,  0,02  à  0,08%  de  C,  0,1  à  1,5%  de  Si,  2  à  3%  de  Mn,  32  à  38%  de  Ni,  21  à 25% de Cr,  1  à 1,6%  de  Mo, 
0,1  à  1,0%  de  Nb,  le  reste  étant  constitué  par  du  Fe  plus  des  impuretés,  et  qui  présente  une  résistance  à  la 
rupture  par fluage  à  1000  h  à  800°C,  supérieure  à  4  kg/mm2  et  un  allongement  à  la  rupture  par fluage  à  1000 
h  à  800°C,  supérieure  à  6%,  pour  le  soudage  d'un  alliage  de  construction  austénitique  contenant,  en  poids, 
moins  de  0,08%  de  C,  0,5  à  3,5%  de  Si,  moins  de 2,0%  de  Mn,  20  à  38%  de  Ni,  20,5  à  27%  de  Cr,  1  à  1,6%  de 
Mo,  0,1  à  1,0%  de  Nb  et  0,1  à  0,5%  de  Ti  et/ou  de  Zr,  le  reste  étant  constitué  par  du  Fe  plus  des  impuretés. 

12.  Utilisation  d'un  alliage  formant  métal  de  soudure  résistant  à  la  chaleur  et  à  la  corrosion,  contenant, 
en  poids,  0,02  à  0,08%  de  C,  0,1  à  1,5%  de  Si,  2  à  3%  de  Mn,  32  à  38%  de  Ni,  21  à  25%  de  Cr,  1  à  1,6%  de  Mo, 
0,1  à  1  %  de  Nb,  0,1  à  0,5%  de  Ti,  le  reste  étant  constitué  par  du  Fe  plus  des  impuretés,  et  qui  présente  une 
résistance  à  la  rupture  par fluage  à  1000  h  à  800°C,  supérieure  à  4  kg/mm2  et  un  allongement  à  la  rupture 
par  fluage  à  1000  h  à  800°C, -supérieur  à  6%,  pour  le  soudage  d'un  alliage  de  construction  austénitique 
contenant,  en  poids,  moins  de  0,08%  de  C,  0,5  à  3,5%  de  Si,  moins  de  2,0%  de  Mn,  20  à  38%  de  Ni,  20,5  à 
27%  de  Cr,  1  à  1,6%  de  Mo,  0,1  à  1  %  de  Nb  et  0,1  à  0,5%  de  Ti  et/ou  de  Zr,  le  reste  étant  constitué  par  du  Fe 
et  des  impuretés. 
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